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ABSTRACT 


Tests were conducted in the NASA/ARC Unitary Plan Wind Tunnels during 
April and May 1°°/3, on an 0.030-scale replic: of the Space Shuttle Vehicle 
Configuration A. sAcrodynamic loads data were obtained at Mach numbers 
from 0.6 to 3.5. 


The investiration included Tests ITASA, B and C on the integrated 
(launch) confipuration and Tests OA12A and C on the isolated orbiter (entry 
configuration). The integrated vehicle was tested at angles of attack and 
Sideslip from -3 deprees to +8 degrees. The isolated orbiter was tested 
at engles of attncek from -15 degrees to +0 degrees and angles of sideslip 
from -10 degrees to +10 degrees as dictated by trajectory considerations. 
The effects of orbiter/cxternal tank incidence anple and deflected control 
surfaces on acrodynamic loads were also investigated. 
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DADSAC 
oo YMBOL OYMBOL DEFINITION 
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Vas 
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7 eS 
“Ap( Pp - Dx)/an 
Cap CAF torebody axial force co ficient, Cat Cay 
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ILREF 
Cy CYN ewing-moment cocffictuent; yeving nomen’ 
er) 
Cc f CSL rolling-moment coefficient: = oaSnE moment 
ate) 
Stability-Axic System 
Cy, Ou lift coefficient; Ltt 
qs 
Ch CD drag coefficient; Gag 
qn 
C CDB base-drug coefficient; base drag 
Dy 38 
(Dp Chr forebody drag cocfficient; Cy - (Dp 
Cy cy side-force coefficient; Side force 
Qu 
om clu pitching-moment coct’ficient; oe 
REF 
C Cid, yoving-moment coufficient; Yaving moment 
r qb 
Cf COL rolliri-moment coefficient: rolling moment 
qb 
L/n L/t Lift-to-drug ratio; Cr/ Ch 
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NOMENCLATGRE (CONTIM iii: ) 


ADDITIONS TO STANDARD TT 


DEFINITTON 


rudder, surfuce deflection sngle, positive 
deflection, trailing edge to the - LODGs: “dryers as 


elevon, surfuce deflection 
deflection, trailing edre dc. at 


.2, positive 
derrees,. 


rudder flare, split rudder deflection angle, lest 


split rudder trailing edyc left and aaets spiit 
rudder trailing edge right, baw = (Spr + bpp ye. 


positive deflection; deprees. 


incidence angle between the orbiter and erterncol 
tank, i, degrees, 


SQ, - G5 
angle of sideslip of external tank. 
angle of attack of external tank. 
length of orbiter body; in. 

length of external tank; in. 
length of SRM booster; in. 


length of OMS nousle, positive direction forward 
of exit plane; in, 


length of MPS no:.:le, positive direction forward 
of exit plane; in. 


wing semi-spans; in. 
vertical tail span; in. 
distance from component nose; in. 


lateral distance (‘rom eenterlines in, 


rate : 
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SYMBOL 


Nw 
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x/1, 
Ab on 
x/f 
x/b vay 
*/b vp 
x/¢, 


x/c. 


y/b/2 
z/D., 
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0 YMBOL 


x/LT 
x/LS 
x/LIM 


X/cw 
X/cV 


¥/BW 
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NOMENCLATURE (CONCLUDED ) 


DEFINITION 


vertical distance measured from W.L. 500 (vertical 
tail reference root chord); in, 


local wing chord; in. 

local vertical tail chord; in. 

longitudinal position/orbiter body length, 
longitudinal position/exterral tank length. 
longitudinal position/booster length. 
longitudinal position/OMS nozzle length. 
longitudinal position/MPS nozzle length. 

local chordwise position/local wing chord length. 


local chordwise position/local vertical tail 
chord length. 


local spanwise position/wing semi-span,. 


local spanwise position/vertical teil span. 
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CONPIGURATIONS INV TLCspyy: 


The 0,050-senle sero Jonds moded was 4 replies ot the Spuee Shuttle 
Vehicle OA, It consisted ot four nejor componenbesg — the Orbiter, the 
external oxyten and hydroren tank (PE) ond two solid rocket boosters (SRB), 


On the ascent confifurntion, the orbiter wns strut po wdted Prom the 
ET on a Tusk Corporation MK XVI : .S-ineh diameter interns berdanen. Thy 
left SRB was strut mounted from the BT on n Test Corporetlon Me XXTT 1.5- 
inch diameter fnternnl balunce, No uttempt was aide to simulate aeteuc} 


intcr-attichuents., The ET was stains mounted to the tonnel model supoort 
system on a Tusk Corporation 4,0-inch diameter internal unlanee., Th: 
right SRb was strut mounted symetrically to the leot't Side, but did not 
contain a balunce, The orbiter conficuration, desijnated as O-A, con- 
sisted of BL OC5D (Way VSRSM3Fh. 


The entry configuration consisted of the isoluted orbiter, sting 
mounted to the tunn:i. model support system on a Tusk Corporation MK XXA 
“ed-inch diamet:r internal balance. Midway threugh the OALe&C test, the 
MK XXA balance was damaged and was replaced by the MK XxX8 for the hivh 
anzles of attack. The orbiter was provided with deflectible elevons by 
means of interchungcable brackets, deflectable rudder by means of a pin- 
indexed hinge, and interchangeable rudders to obtetu different speed 
brake flare angles, The main propulsion system engines were removed dur- 
ing entry confiruration testing to provide sting clearance. A cover 
plate was provided for the strut clearance holc, 


The orbiter was instrumented with 374 pressure orifices on the left 
wing, left side of the fuselage, vertical tail, left OMS pod and engine, 
left and upper MPS engine and the base. The pressures were measured 
using cleven Scsnivalve, Inc., S-type valve modules mounted internally; , 
(a five sand a six gan; unit). When tested in the entry configuration, 
the MPS pressures vere not available for measurement. 

The left side ot the ET was instrumented with 136 pressure orificen, 
These pressures were measured by means of 7 Scanivalve, Inc., S-type 
valve modules configured as one unit of 6 modules and one single. These 
valves were mounted internally in the tank. ‘The left SRB had one ans: 
of six S-type modules to meusure 102 pressures. The right SRB was not 
instrumented, The pressure transducers used in the valve modules were 
Statham PM 131 TC differential pressure transducers, with ranges of +10 
psid, #1°.5 psid and +15 psid. Reference and calibration pressures were 
measured by the ARC inicro manometers, 


Some modli'ications were made to the model at the test site prior to 





CONFIGURATIONS INVESTIGATE) (COWUTINUED) 


ct 


esting. These vere ns folllaws: 


ie) 


Ls The forward tip of the MY combeotdiini: the retre pocket packu:e 
(Reference NR Drawing, VL(O-0 0010) was replaced with a flush 
0.90 inch radius nose (Model seul). he ness nore had five 
pressure taps; one in the nose und tour more aft of the nose 


on tne vertical and horisontul axis en a 0.315 inch radius. 


we The ET balance cavity was enlarged by on: inch on the diameter 
(from & inch:s to 6 inches) to provide clenrance for cable 
routiny and eliminate balance interference, 


Se the clearances around both the orbiter and the SRB struts vere 
opened to upproximately 1/8 inch to prevent interference, 

te fn ulternute rudder hinge pin was proviied to give a rudder 
detlection of +15 degrees. 


Before und during the tests various mode} di.screpancies developed 
or were discovered. These were generally minor and had only 4 neglivible, 
if any, effect on the data. Significant discrepaneics are noted below: 


Ls Pressure orifices P11 and P173 on the OMS pod base were 
omitted. 


Ce During the test certain pressure taps devcloped leaks or 
became plugged. Data from these taps are questionable and 
should be used with caution. Difficulties in checking may 
have resulted in erroneous indications of leakage. Repairs 
were made to correct leaking or plugged pressure instrumenta-- 
tion, whenever possible, as the test progressed. The follow- 
ing list gives those taps that were indicated as bad on the 
various leak and response checks; 


ARC Facility Run Nos. Orific. numbers with questionable pressure 





= data 
11' oak 72, 163, 427 
5-118 3h 5. 100,123 5 163,.. 0015-407 





129-160 16, 98, 101, 107, 333, 427 


161-170 16, 98, 101, 107, 333, 4e7 + 306, 307, | 
Oy BeOy. Boy: So ly 3505: BO 1g: STD | 





CONFIGURATIONS INVESTIGATA (CONCUIDED} 


Orifies: number: with guestionsuble pressur 
2 + 2 an fs ‘. . Zeyh; Uda he 
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TABLE: TIT. (CONLINUED ) 


MODEL COMPONENT: klevon E-]8 __ 


id eh a et 


GENERAL DESCRIPTION: . “A Configuration Per W-87 Rockwell Lines VL 70-O00CQ9 3 
Data for (1) of (2) Sideg 


ANS. ALES EY = UTC SNR Nl in te A mA. mal YUMARP aryrmrnlliber-Areria—A S 





ie ar ie SEP tr mm me 8 ON it em AMT me cermin a 


Scale Model = .030 | 


Ee a TS aE LL TT Na A CE A TR tr AEe I IE Saetesttinitie diatelemn san allie a ee 


Ae: Ane = Ae fn Ha Ap ntl deste 


DRAWING NUMBER: VL_70-000093 

DIMENSIONS; FULL-SCALE MODEL SCALE 
Area ~ p* 205.52 184,97 
Span (equivalent) IN. 353.34 1060020 
Inb'd equivalent chord 114.78 3.140, 3/,0 
Outb'd equivalent chord 55.00 __ _ 21.6500 


Ratio movable surface chord/ 
tetal surface chord 


At Inb'd equiv. chord . 208 208 _ 
At Outb'd equiv. chord -400 .L00 

Sweep Back Angles, degrees | 
Leading Edge 0,00 9.00 
Tailing Edge -10,. 24 =10. 21, 
Hingeline | 0.00 0.00 

Area Moment (Normal to hinge line) eS _ 1548.07 _ .64180 


Product of Area Moment 





TABLE IIIT. (CONTINUED ) 
MODEL COMPONENT: VERTICAL ~ V5 (Light Weirht Orbiter Confiruration) 
CENERAL DESCRIPTION: Centerline Vertical Tail, Double Wedre Airfoil with Sounded 
Leading Edge 





Scale Model = .030 





DRAWING NUMBER: VL70-000095 
DIMENS IONS : : FULL-SCALE MODEL SCALE 


TOTAL DATA 
2 








did Sele Ft 413.25 . 37192 
an form 
Span (Theo) In > 12 9.47160 
Aspect Ratio 1.675 LN: 6 ee 
Rate of Taper 0.507 0.507 
Taper Ratio | 40h 40 aa. 
Sweep Back Angles, degrees 
Leading Edse : oe 453000 
Trailing Edge 26.249 20.249 
m a Element Line 41.130 41.130 
ords: 
Root (Theo) WP 268.50 8.05500 
ae eo 
; 9913 
Fus. Sta, of .25 MAC 1463.50 4£3.90500 
W. P. of .25 MAC . 35.522 19.06566 
B. L. of .25 MAC 0.00 0.00 
Airfoil Section : 
Leading Wedge Angle Deg 10.000 10.000 
Trailing Wedge Angle Deg 14.920 14.920 
Leading Edge Radius IN. 2.00 .06 





Void Area Ft 13.1 01185 
Blanketed Area Ft2 | 12.67 .O1140 


304 





TABLE IIT. (CONTINUED ) 


MODEL COMPONENT: R-5 Rudder 


2 i es 


GENERAL DESCRIPTION: ZA Configuration per Rockwell Lines VL _70-000095 








Seale Model = .030 


ORAWING NUM@ER: VL _70-000095 
DIMENSIONS : FULL-SCALE MODEL SCALE 
Area ~— Ft” 106.38 0957 
Span (equivalent) ~-IN. 201.0 6.030 
Inb'd equivalent chord 91,585 2.71,755 
Outb'd equivalent chord | 50.833 1.52499 
Ratio movable surface chord/ 
total surface chord 
At Inb'd equiv. chord 0.400 O.L00 
At Outb'd equiv. chord 0,400 0.400 
Sweep Back Angles, degrees : | 
Leading Edge 34, .83 34.83 | 
Tailing Edge 26.25 26.25 
Hingeline 3),.83 34,83 
Area Moment (Normal to hinge line)~-Ft3 — 526.13 O21 | | 


Product of Area and Mean Chord 








TABLE TII.. (CONTINUED ) 


_ MODEL COMPONENT: OMS Pod ~M3 





GENERAL DESCRIPTION: 2A Light Weight Configuration per Rockwell Lines 
Scan inineniie ier 
Ct 





DRAWING HUMBER: _YL70-00009/.4 

DIMENSIONS: FULL-SCALE MODEL SCALE 
Length , 346.0 10.380 
Max. Width X_ = 1450.0 108.0 3.240 
Max. Depth X, = 1500.0 113.0 | 3.390 





Fineness Ratio 





Area 
Max. Cross-Sectional 
Planform 


Wetted 


Ate 


A Base 


C of OMS Pod 
WP = 463.9 IN. FS WP 400 + 63.9 = 463.9 
BP = 80.0 IN. FS . 


Length 1214.0 to 1560.0° = 346.0 IN. FS 


hoa 





TABLE III, (CONTINUED) 


MODEL COMPONENT: Fi Body Flap 


GENERAL DESCRIPTION: 2A Configuration per Rockwell Lines VL70-OOQO9LA 














Scale Model = .030 











DRAWING NUMBER: ¥L70-000091, 
DIMENSIONS: FULL-SCALE MODEL SCALE 
Length 8, .70 2.541 
Max. Width 265.00 72950 
Max. Deoth 
Fineness Ratio 
Area ~. Ft2 
Max. Cross-Sectional 
Planform | W265 .12838 
Wetted 
- Base . Ft? 38.65 —=—S«.03478 
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TABLE IIT. (CONTTNUED) 
MODEL DIMENSIONAL DATA 


MODEL COMPONENT ._ 33-Boo:tcr Solid Rocket Motor 








GENERAL DESCRIPTION . A Configuretion Per Kockwell Lines VL/77-00001" 
erie ie I 
& VL7i'-000061 "3" 


Body of Revolutions Duta for (2) of (") Sides 
RS a NR SO A aR RN Taare A 





ocale Motel = .030 
a 


DRAWING NUMBER VE 7i-(vOOk 








DIMENSIONS FULL SCALE MODEL SCALE 

Length ~IN. 1732.0 51.96 

Max Width (DIA) IN, BSRM Tank ee 4,260 

Max Depth (DIA) Aft Skirt o59.0 | reyes 

Fineness Ratio 1,/p 6.057 6.687 

Area ~ Ft eS 8 eee 
Max. Cross—Sectional (Art ees ro ae » 32928 
Planform oe eee ee 
Wetted a 
Base | 





Ref. , 
FS (Orbiter) = 0.00 = 77.99 IN. FT = 200.0 IN. BSRM | 


WP (BORM) = WP oU(Orbiter) - 344.413 = 55.587 IN. ! 


BP (Orbiter) = 0.00 = 73,0 IN, BORIM 


Seer “Skea tar. was auere | > or aememuneemsele ae. ail 





TABLE III. (CONCLUDED) 


MODEL COMPONENT: = EXTERNAL TANK - T9 


GENERAL DESCRIPTION: 2a Confieuration 

















DRAWING NUMBER NONE _ 
DIMENSION: _ | FULL SCALE § MODEL SCALE 
Length - IN. . 1858 29-740 
Mox Width (Dia) -- IN. 321.0 9.720 
Mox Depth | | 
Fineness Ratio L/D 5.734575. 73457 
Areo - FT2 : 
Max Cross-Sectional ___ 572.56 __ 0.51530 
Planform | 
Wetted 
Base 


Nose, Radius, IN. 


| 
| 
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SRM STATION ~ XS | ar i | 
FULL | MODEL 0 90 [| 1x Tic [ee L ee 
200 6.00 | 4 $10 | 
260 7.80 »034 811 8) ae (yt oL4 CLS SL6 7G] ijt 


370 11.10 | 097 f G3) Gee | Bes] BeEMt BoG | See | cep Peon, 
Loo 12.90 | .ia46 [| 831] 832 — 833] 43h 635.) @3G 837 bf aGe 
LSu 13.50 | .uke | 842 | 842] Bh3] Kua] Buy | whe | chy | Bae 
550 16.50 | .199 | 852] 852] 853] esh] uss | ose | ver abye 


TO0 C1 ° 00 ° 28h 861 863 he © cee a tT be yb 
850 25.50 370 871 872 ite “ft 

1050 31.50 .| .48h | 881 883 alsae 

1250 37.50 | .597 | 892 893 EQy 

1450 43.50 | .712 J 902 903 gane GUT 

1650 49.50 | .825 7 911 913 OL ¢ GL 


1750 52.50 882 921 922 923 Gok g 25 Deere U2T 924 
1850 | £5.50 [.939 | M2) yo | oh3] o4b | ous | Oh6] OWT] ole 
1900 v1 06 OU 967 951 952 953 5); 945 ISG G57 O5N 
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SKIRT BASF 802 803 Sok GU5 
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b. Isolated Orbiter (try Configuration) Mounted in the ARC 8x7 Ft. Tunnel 
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